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I. INTRODUCTION

During the period of December 1, 1965 through August 31, 1966 the analysis
being carried out at Brigham Young University has continued in the following
areas:

1. The analysis of the near Mars magnetic field data.

2. A search for the extended magnetic tail of the Earth,

3. Geomagnetic fluctuations as observed at a number of ground
stations and their relation to magnetic conditions in space.

4, The gross relationship of the interplanetary field configura-
tion and geomagnetic fluctuation to M regions, sunspots, etc.
on the sun,

Several papers presenting the results obtained to date under items 2,

3, and 4 are nearly completed and will be submitted for publication shortly.
Consequently, we will only summarize briefly the results in these areas. A
masters thesis covering a portion of the work under item 3 (daily averages of

B and ZKD) has been completed and a portion is included herein,
IT. FIELD MEASUREMENT NEAR MARS

A further study of the characteristics of the feature that occurred in
the data starting at 0123 GMT, Day 196, has resulted in the following two
conclusions:

1., There is no simple Martian field configuration that can be
made to fit the data. If the feature is indeed of Mgrtian
origin, the variation in the field suggests that mosf likely
the S/C passed into and out of the shock region, as the
variabilit§ is not unlike some of those noted in the earth

shock region.



2. Since a similar field signature was noted at approximately 27
days prior to that in question, this suggests that the feature
under consideration was merely a fluctuation in the interplane-~
tary field. 1In Figure 1 are plotted the 10 minute averages of
the radial field component, BR’ and total field, Bpyp, for Days
196 and 223, Attention is called to the Brgr feature occuring
over the intervals 0130-0330 and 0700-0900 respectively, —-— and
similarly for Bp. Although the shapes of the features are dif-
ferent, the width and time separaration (~27 1/3 days) strongly
suggest a time variable but persistent feature of solar origin.
Equally of interest is the fact that for both periods the total
field was relatively constant for a period of about 24 hours
preceding the features of interest. If of solar origin, we hope

to eventually relate these to the magnetic field topology on the

IIT. A COMPARISON OF MARINER IV DATA
WITH SOME ASPECTS OF
LARGE-SCALE GEOMAGNETIC FLUCTUATIONS

The work reported in this section deals with large-scale disturbances
observed during the period from launch, Day 333, 1964 to Day 70, 1965. The
results have also been presented as part of a Masters Thesis by Keith H,
Stirling (1966), one of the graduate assistants working on this project,

In order to demonstrate the general large scale correlation between the
earth and interplanetary fields, daily averages of the Mariner IV data have
been compared to both ZIK.p and Ap' Figures 2 and 3 show the daily relation-

ship between XKP’ Ap, and the interplanetary magnetic field, B, Note that

there exists almost a one to one relationship between the 'peaks and valleys"



of the curves until about March 3rd. At the beginning of March the corres-
pondence between Ap or ZKP and B became less clear, By March the approximate
Earth-Sun-Probe angle had increased to about 10°, Therefore, the breakdown
in correlations suggests that either:
1. Angles greater than about 10° usually contain streams of plasma
from different solar disturbances, or
2, Changes in the storm structure have occurred after the étorm
passed the earth due to dispersion and the superposition of
plasma events of different velocities.

Cross correlation indices were computed relating ZKp or Ap with the daily
averages of the interplanetary field for the period November 30, 1964 through
March 13, 1965, A major portion of the cross correlation analysis is presented
in Tablé I, All tabulated intervals of confidence correspond to 95% certainty
limits, Some of the significant results of our cross correlation analysis are
as follows:

Both correlation coefficients between the probe data and the two dis-
turbance indices (Ap and IKp) for the month of December were the same (0.48).
In January the correlations with Ap and ZKP were 0,86 and 0,78 respectively,—-
which are our highest values. For February 1 through March 3, the correla-
tions of Ap and ZKp with the probe data being lagged behind the geomagnetic
indices by one day were 0.72 and 0.65. The respective overall correlations
with Ap and ZKp for the period of analysis (December 1 through March 3) were
0.54 and 0.55.

In order to incorporate the appropriate lag time due to the finite plasma
velocity, the empirical relationship of Snyder et al (1963) relating plasma
velocity and ZKp,

Vp(Km/sec) = 8,44 IK_ + 330,

P

was used to determine the accumulative radial and rotational time lag of




disturbances between the Earth and the probe. The above formula enters only
in computing the radial time lag since the angular velocity used in determin-
ing the rotational time lag is just the 27-day solar period. Actually, in
performing this computation we are already assuming that the disturbance in
the angle enclosing the Earth and the probe is uniform because the Kp indices
recorded at the Earth are used in Snyder's formula to determine the plasma
velocity in the vicinity of the probe. Because of the manner in whi¢h it was
developed, Snyder's formula should yield fairly good results as long as a
good relationship exists between interplanetary and geomagnetic variations.
Figure 4 shows the expected time lag in hours per day of flight, where we are
using Snyder's formula to determine radial time lag.

Cross correlation coefficients were then computed using the lag-time
corrected data using the equation of Snyder, et al. The correlation coeffi-
cient was found to increase by b.Ol in magnitude with ZKP and remained the
same with the A_ index the correlation
coefficients with Ap and ZKp were reduced to 0,80 and 0,75 respectively. For
the period February 1 through March 3, the coefficients were respectively
0.63 and 0.60 as compared to 0.40 and 0.44. Over the entire three-month period
from December 1 through March 3, the correlation coefficients for Ap and ZKP
with B were increased to 0.62 and 0.60 with the inclusion of lag-time correction
as compared to 0.54 and 0.55 without,

A possible explanation for the above is that both January and February
were magnetically active months and perhaps this would suggest why the Ap index
gave a higher correlation with the interplanetary field than ZKP. Since the

Kp index is related logarithmically to the disturbance, while the A, index is

%

proportional to the amplitude of the geomagnetic disturbance, with the corre-
lation coefficient being a function of the average magnitudes of the two time

series involved, the Ap index would be expected to yield a higher correlation




coefficient for periods containing large differences in magnitudes, (i.e.,
higher activity periods).

The good correlation between Ap and B has suggested that a linear rela-
tionship between them might exist. A straight line was least squares fitted
to a scatter diagram plotting B versus Ap resulting in the expression

B (y) = 0.18 A.p + 3.37 .
Coleman (1966) has suggested that the r dependence of B is somewhere between

r_l'1 and r_l'2

and since the Ap indices during this period of time were
higher over the last 1/3 of the data studied here (i.e., between 1 and 1,2
AU) some of the points for high Ap would be higher if reduced to 1 AU, Con-
sequently, if the above equation were to represent the variation in B at the
orbit of the earth, then the equation would be expected to have at least a
steeper slope,

However, it is difficult, as in the case of Vp versus ZKP, to formulate
a convincing argument why B should be correlated with Ap, unless one assumes
that actually high B accompanies high variability in the interplaﬁetary field,
the latter being the real cause of geomagnetic activity (see Section IV),

IV. TRANSVERSE OSCILLATIONS IN THE INTERPLANETARY
MAGNETIC FIELD: A REQUISITE
FOR GEOMAGNETIC VARIABILITY

In the past few years new and illuminating aspects of geomagnetic storms
have been described. Akasofu and Chapman (1963) have outlined in some detail
the development of the main phase of the storm and its simultaneity with Polar
Magnetic substorms. Furthermore, Akasofu (1965) in reporting the morbhology
of visual aurora describes the close correlation of auroral substorms to polar
magnetic substorms. A primary conclusion of these researchers was that varia-
tions in pressure of the solar wind could not be related in a simple way to
the increase of particle kinetic energy density of the ring current or of

auroral particles. They suggested that some other intrinsic difference between



solar streams must exist. In the following paragraphs we will describe a
distinguishing characteristic of solar streams and show that they are a requi-
site for occurrence of geomagnetic and auroral events,

Although the histograms of the interplanetary field show a definite spiral
structure, when consecutive field lines passing a point in space are analyzed
they present what at first appears to be a hopeless tangle of substructure,
Hour means of the field components smooth the patterns considerably. Figure 5
| displays the quantity d_BQ)2 from these hour means and also the parameter Kp
B¢ = ’BTZ + BNZ is thedzomponent of the interplanetary field in the plane
normal to the sun probe line. In the third and forth segments of the record
the Kp plot has been offset by the appropriate lag for the left margin of the
figure,

Even though the geomagnetic activity is very low during this period and
the probe moves some 12 million miles from the earth, there is a remarkable
correspondence between the planetary magnetic variability and the magnitude
of the transverse oscillations in the interplanetary field. In addition to
the time difference between the earth and probe due to distance and angular
separation, there is the dispersion caused by velocity fluctuations of the
solar wind. Neugebauer and Snyder (1966) have shown a frequent pattern of
velocity variation in individual solar streams. The velocities were often
greater on the leading or western edge of a stream and decreased rapidly toward
the trailing edge. If this kind of variation is true for the wind during the
early part of the Marinmer IV Flight, the remarkable correspondence evident in
Figure 5 will be improved.

The two events of highest interplanetary field magnitude observed during
the early part of the flight occured while the earth and probe were seeing
very nearly the same solar winds. Furthermore, they are the only two events

during this period with sudden commencement storms observed on the earth.




During the first and most intense event near January 21, the probe was still
leading the earth by about 400 earth radii and was some 2,500 earth radii
further out from the sun. By February 8, the time of the second large event,
the earth had passed the probe so that it was now lagging by some 850 earth
radii. Although not unique to these two events, transverse oscillations in
the interplanetary field and their correlation with geomagnetism are so drama-
tically displayed during these times when the earth sun probe angle was very
small that they will be used for illustration.

Hour averages of B, By, Br, and B for these two events are shown in
Figure 6 along with the values of Kp. The geomagnetic record has been offset
with the appropriate lag for the beginning time of each disturbance.

In order to facilitate the discussion of this figure it is convenient to
identify three periods in the geomagnetic record of each event. The periods
are characterized as follows: (1) a sudden commencement followed by a one to
two day period at high variability, (2) nearly a day when the geomagnetic
field is rather stable, and (3) a several day period of high variability that
starts abruptly, varies throughout, and slowly decays.

There are several significant features of the interplanetary field as they
relate to these three geomagnetic periods. First of all, the total interplane-
tary field strength is increasing during period one, high and constant during
the stable geomagnetic period and variable and decreasing during period three.
High magnetic field alone does not mean geomagnetic variability. Also of great
interest is the relation of the transverse components of the interplanetary
field to these geomagnetic periods. In particular, By, the component in the
ecliptic, oscillates and rapidly increases during period one, slowly reverses
direction during period two, and then oscillates and decreases during the last
period. In fact, Bp has the appearance on this scale of a damped wave during

period three.




The results described above impose severe constraints on an acceptable
theory of magnetic storms, aurora, etc. The necessity for a time variant
property in the solar stream has been anticipated (Akasofu and Chapman, 1963;
Dessler and Fejer, 1963; Desler and Walters, 1964; Patel and Dessler, 1966).
However, very few proposed mechanisms would respond sensitively to transverse
oscillation in the interplanetary field. The hydromagnetic coupling proposed
by Dessler and Walters (1964) predicts that hydromagnetic waves are generated
by the wagging of the garth's magnetic tail. The wagging is due to fluctua-
tions in the direction of the interplanetary magnetic field relative to the
solar wind velocity vector.

Axford et al (1965) have outlined arguments suggesting that the tail of
the magnetosphere provides a mechanism for the injection of energy into the
magnetosphere. More recently, Coppi et al (1966) conclude from an analysis
of a collisionless pinch in the neutral sheet of the tail that an instability
exists, They claim that the instability transforms magnetic energy into kinetic
energy in a way suitable to explain the characteristic times of auroral and
magnetic events. The transverse oscillations in the interplanetary field
could easily perturb this unstable configuration.

V. THE MAGNETIC MORPHOLOGY OF SOLAR STREAMS
! AND ITS RELATION TO GEOMAGNETIC STORMS

Correlati?n studies are continually being carried out to relate solar
phenomenon to geomagnetic storms. Both positive and negative correlations
have been obtained and their interpretations are controversial, Very often
as part of the study a particular class of solar events is isolated and the
time interval between either the start of the event or its central meridian
passage and the onset of the geomagnetic storm is interpreted as the travel
time required for particles to reach the earth from the sun. However, even

with interplanetary vbservations of the plasma velocity it has been extremely



difficult to relate individual solar events with a particular particle stream

near the earth  (Snyder and Neugebauer, 1964), 1In this section we use the

results reported above as the basis for a model solar stream that can be used

to successfully reinterpret the correlations and travel time obtained earlier.

We have shown in section IV that:

1.

Transverse oscillations in the interplanetary magnetic field

are a requisite for geomagnetic variability.

There is often a period of about a day or more when geomagnetic
activity is very low (designated 2 on Figure 6) even though the
interplanetary magnetic field remains high, This quiet period
is preceded and followed by a noisy geomagnetic period that
occurs while the solar interplanetary field is relatively strong
but changing in direction. It is also common to have a major
event that does not show a region of stable strong field and
therefore no geomagnetically quiet period.

Prompted by the observational results presented above we now
describe two general classifications of planetary geomagnetic
storms. These storm types, derived from the K

P

world-wide patterns of geomagnetic variability, Their charac-

index, indicate

teristics are illustrated in Figure 7. For each type two
examples are shown, a mean pattern from four years of geomag-
netic records is given and a model is presented that accentu-
ates the characteristic features. Although the patterns are
seen throughout the solar cycle, the means are formed for years
during minimum activity when the storms are more isolated.
Eighty-one per cent of all sudden commencement storms from
1962~1965 are included in one of the two groups. In order to

minimize personal bias in selecting a beginning time, only the
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sudden commencement storms as reported by Lincoln (various
issues of the J.G.R.) were used. Since the nature of the
commencement itself is more likely related to variations in
velocity of the solar wind than its magnetic properties and
since there are no other established differences in the geo-
magnetic storms that follow, our model will not distinguish
between commencement types.

The primary difference between types A and B is simply
whether or not a distinct lull in geomagnetic variability
occurs during the passage of a single solar stream. This
has significant implications on the interpretation of the
conventional geomagnetic storm which is described in terms
of the time changes in magnitude of the various magnetic com-
ponents. This subject will be discussed in a separate paper.
In summary: Type A storms have two unequal periods of geo-
magnetic variability. The shorter first period of variability
is followed by about a day of relative quiet and finally a
longer period of slowly decreasing variability. Type B storms
build rapidly to their maximum and though they range in varia-
bility, they slowly decrease with no distinct quiet period.
Bumba and Howard (1965) have obtained synoptic charts of solar
magnetic fields. Although the patterns are complicated and
continuously changing, it is possible to identify large uni-
polar regions that often persist for many solar rotations.
Wilcox and Ness (1965) and Coleman, et. al. (1966) have des-
cribed the extended portions of these unipolar regions as they

are seen in interplanetary space as polarity sectors.
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Within these broad unipolar regions there is a changing
pattern of individual magnetic storms. The storms range from
large, well-organized systems that dominate an entire sector
to many small storms of a preferred polarity but with a tangled
pattern of magnetism, In this section we will idealize a
single, large unipolar magnetic storm, This model is essentially
an extension of one discussed by Davis (1964). The solar gas
rises most easily in the unipolar regions where the field lines
are radial. The gas accelerates in the upper corona and streams
outward retaining the polarity of the solar magnetic storm.
Surrounding the uniform stream flowing out of this "magnetic
nozzle'" is a region of considerable irregularity in the field.
Much of the irregularity is embedded in the plasma as it leaves
the sun, but no doubt a significant amount is developed enroute
as streams of different velocities interact.

Figure 8 illustrates a model storm in both a plane parallel
to the ecliptic (a) and in cross section (b). Significant fea-
tures of the storm are: (1) Two zones characterized by the in-
tensity and variability of the magnetic field. The central high
intensity region of the storm has parallel field lines. A sec-
ond surrounding region has a disordered field. (2) An asymmetry
in the pattern due to the spacial velocity distribution.

We now consider a persistent solar stream of the kind just
described and investigate the appearance of magnetometer traces
obtained during a crossing. The probe record illustrates the
actual magnetic field of the stream whereas the earth responds
to and we obtain a record of some quantity closely related to

the time derivative of the interplanetary field. The maximum
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velocity of such streams varies consiéerably. Snyder and
Neugebauer (1963) obtained maximum speeds of 700-800 km/sec

in 1962 and Wilcox and Ness (1965) report 350-450 km/sec speeds
in 1963, The latter observations were obtained during solar
minimum and likely represent the lower limit during the cycle.
Compared with the motion of these streams, the motion of the
earth or probe can be neglected. The probe (earth) is engulfed
by the stream blowing outward. As the sun rotates, the stream
moves across the probe (earth). In time, the probe (earth) sees
the plasma along a path diagonal to the stream as suggested by
D-D in Figure 8.

In Figure 9 the traces expected at the probe of the mag-
netic field are illustrated for the traversals B-B' and C-C'
indicated in Figure 8. When the earth passes through the cen-
tral part of the stream, we see a Type A Planetary Magnetic
storm and when it passes through the edge of a stream we record
a type B disturbance, It is important to stress that the type
B trace will also be observed when passing through disordered
regions due to many small solar streams.

On the basis of this model, we are able to account for the reported
solar terrestrial correlations dealing with sunspots, flare events, centers

of activity, M disturbances, and the wide dispersion of corpuscular speeds.
VI. THE MAGNETIC TAIL OF THE EARTH AND THE MOON

We have continued analyzing the data corresponding to passage of the S/C

N
.behind the earth near February 1. The quantity GBT,N (=AV&0BT)2 + (oBN)2>
has been found to follow closely variations in the terrestrial Kp index, and

we have compared these two during the period of passage near the axis of the
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earth's tail as well as preceding and succeeding periods in an attempt to
detect any anomalous characteristics of the tail region. There is a sug-~
gestion that the level of activity at the probe was slightly lower than it
should have been during the latter half of Day 30. Plotted in Figure 10 are
both OBT,N and Kp for Days 27 through 33, 1965.

There are several problems, however, with the assumption that the probe
passed through the extended tail., First, the solar wind velocity that is re-
quired in order for the S/C to pass near the axis of the tail toward the end
of Day 30 is v 600 KM. The plasma velocity for this period, however, was
nearer 350-400 KM/sec (Lazarus, et. al., 1966). Second, had the S/C passed
through the tail, the measured radial component should have been inward or
negative, while in fact it was directed outward, or positive. We are continu-
ing to compare the characteristics of the interplanetary and terrestrial mag-
netic fields and as more of the respective characteristics correlate, we will
continue to look at the tail and nearby regions.

No further work has been done on the data of ~ 0800-1600 of Day 334 when
the S/C was behind and below the moon. However, we have re-analyzed the data
published by Ness (1965) corresponding to passage of IMP 1 behind the Moon
during the period of December 14-15, 1963. Plots of Kp and oBr y are shown in
Figure 11,

In these data there appears to be the same high degree of correlation of
Kp with the three hour averages of OBT,N that has been found to exist while
the angular separation between the Earth and Mariner IV is small. (It should
be noted that since these three hour OBT,N values were computed from the hourly
means, only the fluctuations in this general period interval are included.

It has been found that if shorter period fluctuations are included in the
sigma calculation, the correlation with Kp is usually much better.) We there-

fore conclude that the interpretation given by Ness to these data regarding
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. the Lunar Wake must be incorrect. Others have also suggested that his inter-

pretation is uncorrect, (Greenstadt, 1965; Hirshberg, 1966).

VII. GEOMAGNETIC MICROPULSATIONS AND THE INTERPLANETARY FIELD

We have concerned ourselves here with giant geomagnetic pulsations
(T > 2 min) that were observed at high altitudes during the early months of
the Mariner IV flight. We are now able to describe many of the unique charac-
teristics of the interplanetary field engulfing the earth when these pulsations
occur,

Although the study is not yet complete, we now have sufficient evidence
to show that:

1. Giant Pulsations occur when the interplanetary field is high
and relatively stable.

2. Spectral analysis of the interplanetary field show that the
component of the field normal to the ecliptic planme often peaks
at the same frequency as that of the geomagnetic pulsations.

3. The power spectrum of the field observed by Mariner IV has a
peak at the same frequency (v 6 min.) as the power spectrum of
the electron flux observations obtained by Imp., I in the distant
earth field for the unusual event of Feb., 6, 1965, (Lin, et., al.).
See Figure 12,

We are pursuing these exciting results and others at the present time,
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SUN

a. Field configuration in plane parallel
to ecliptic

Bl

b. Field configuration in section A'-A

Figure 8
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Figure 9
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Figure 12

Power Spectra of Interplanetary and
near earth conditions during a
Geomagnetic Storm

(Note: A lag time of about 10 hours

is required due to the greater
radial distance to the probe.)

- - - Electron Flux in Magnetosphere

6 Feb. 1965
0630 -~ 2042 hrs.

Interplanetary Magnetic Field

6 - 7 Feb. 1965
1600 - 1011 hrs.
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